Abstract: Hippophae rhamnoides L. and Cassia fistula L. extracts have great potential as food, medicinal, or cosmetic ingredients. The aim of our study was to assess their relative antioxidant activities and key enzymatic activities. Thereby, H. rhamnoides' fruit and C. fistula's pod extracts were evaluated by spectrophotometry, based on their respective total phenolic content (TPC), 2,2-diphenyl-1-picrylhydrazyl (DPPH) ferric-reducing power, capacity in nitric oxide, hydroxyl and superoxide radicals scavenging, as well as on their β-glucuronidase, α-glucosidase and α-tyrosinase inhibition activities. In sum, our in vitro data explicitly suggest that the pod extracts of C. fistula exert better antioxidant and enzymatic properties than those exhibited by the fruit extract of H. rhamnoides. They also implicitly encourage performing multiple in vitro assays in order to thoroughly select a plant extract destined to a given medicinal, dietetic, or esthetic application.
Introduction
Antioxidants prevent oxidative damages (e.g., 8 -hydroxyguanine, cell membrane lipid peroxidation) and subsequent diseases (e.g., inflammatory state-diseases such as cancers, Alzheimer's, diabetes, and strokes), by effectively quenching or inhibiting free radicals (e.g., hydroxyl and superoxide radicals). For a long time, synthetic antioxidants have been employed as food additives, but safety concerns have restricted their use, due to their possible involvement in chronic diseases. Therefore, much attention has been directed toward the isolation of natural antioxidants from botanical sources, especially edible plants [1] [2] [3] [4] [5] . Furthermore, plant extracts that can inhibit specific enzymes (e.g., β-glucuronidase, α-glycosidase, and α-tyrosinase), particularly involved in the alteration of skin during aging, are appreciated for their potential use in original cosmetic formulations.
β-glucuronidase, an acid hydrolase, plays a crucial role in catalyzing the hydrolysis of glucuronide into glycones (i.e., alkyl, acyl, aryl groups) and free glucuronic acid [6, 7] . This catalysis releases the terminal glucuronide unit linked through the β-configuration by Carbon 1 (C1) [8] . β-glucuronidase was first discovered in the rumen of sheep, although this enzyme has been recorded as present in all plants, animals, and bacteria so far studied [9] . The research and development (R&D) of specific β-glucuronidase inhibitors (e.g., baicalin) is growing [10] , most notably in the fields of drug detoxification [11] and cancer therapy [12] , as well as in its ability to overcome glycosaminoglycan (GAG) impaired metabolism during skin aging [13] , treat skin conditions such as psoriasis [14] and formulate cosmetics [15] .
α-glycosidase comprises a family of hydrolases, which are enzymes located in the brush-border surface membrane of small intestinal cells [16] . α-glycosidase is implicated in the hydrolysis of the 1,4 glycosidic linkage from the non-reducing end of the α-glucosides, α-linked oligosaccharide, and α-glucans substrates, producing α-D-glucose and other monosaccharides that are employed as carbon and energy sources [17, 18] . Therefore, α-glucosidase inhibitors are not only considered in the management of type-2 diabetes (T2D) [19] , tumorigenesis [20] , but also in the prevention of skin aging and skin damages [21, 22] .
α-tyrosinase is found in plant and animal tissues, and represents a rate-limiting and copper-containing oxidase, involved in controlling melanin synthesis through two distinct chemical reactions [23] [24] [25] : (i) hydroxylation of a monophenol; and (ii) conversion of an o-diphenol into the corresponding o-quinone, which then undergoes several reactions, eventually forming melanin. In humans, the tyrosinase enzyme is encoded by the TYR gene expressed inside melanosomes [23, 25, 26] . When a mutation in the TYR gene results in impaired tyrosinase production, it is usually associated with type I oculocutaneous albinism, or increased melanin synthesis in skin cancer (e.g., melanoma) [27, 28] . In addition to molecular strategies for controlling the tyrosinase activity [29] , several polyphenols (e.g., flavonoids and stilbenoid substrate analogues), free radical scavengers and copper chelators, have been identified as potent tyrosinase inhibitors, capable of preventing skin hyperpigmentation and inducing skin whitening [24, [30] [31] [32] [33] .
Hippophae rhamnoides L. (Elaeagnacea), commonly known as sea-buckthorn, is a flowering, spiny, deciduous shrub, native to fixed dunes and sea cliffs in Europe (e.g., Germany, France) and Asia (e.g., Nepal, India, China). It is both an agricultural and an ornamental plant. Although H. rhamnoides is a relatively expensive raw material, its fruits are quite beneficial due to their higher average content of ascorbic acid (aka vitamin C), in comparison to lemons and oranges [34] . Consequently, the fruits of H. rhamnoides are used in traditional Austrian medicine to fight infections (e.g., flu), in the form of tea, juice, and syrup [35] . H. rhamnoides exerts various pharmacological effects, including cytoprotection, protection against stress, immunomodulation, hepatoprotection, radioprotection, anti-atherogenicity, anti-tumorigenicity, anti-microbial activity, and tissue regeneration [36] . We have recently shown the beneficial effects of H. rhamnoides extracts in the prevention of premature aging of human skin and melasma [5, 37] .
Cassia fistula L. (Caesalpinaceae/Leguminosae), also known as the golden shower tree, is a famous yellow flowering plant from Asia (e.g., particularly found in the forests of India, Sri Lanka, Thailand and Pakistan), and displays numerous medicinal properties for protecting against skin conditions and inflammatory diseases [37] [38] [39] . Thereby, we recently demonstrated that C. fistula's extracts are capable of preventing premature skin aging in healthy individuals [39] , and melasma in a good number of patients when compared with treatment using a placebo (i.e., without the plant extract) [37] . These beneficial effects are probably due to their relatively rich content of bioactive ingredients (i.e., phenolic compounds, fatty acids, flavonoids, tannins and glycosides) [40, 41] , and their ability to significantly decrease the tyrosine activity-mediated melanin level.
The present study was designed to determine the TPC, antioxidant, and key enzymatic inhibition activities of cosmetic importance from H. rhamnoides and C. fistula extracts. All of the chemicals and enzymes used in this study were of analytical grade.
Materials and Methods
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Plants
H. rhamnoides's fruits were obtained from Pak Sea International Skardo, Pakistan. C. fistula pods were collected from Abbasia Campus, Islamia University, Bahawalpur, Pakistan. The respective voucher specimens (HR-FT-03-11-26 and CF-FT-03-11-27) were preserved for future reference at the herbarium of the Pharmacognosy Section, Faculty of Pharmacy, Islamia University, Bahawalpur, Pakistan. The plant names C. fistula L. [45] and H. rhamnoides L. [46] have been checked.
Analytical Apparatus
A dual-beam UV-VIS spectrophotometer (Uvikon XL, Bio-Tek Instruments, Bad Friedrichshall, Germany), Synergy™ HT Multi-Mode Microplate Reader (BioTek Instruments, Inc.), and rotary evaporator EYELA (CA-1111, Rikakikai Co. Ltd., Tokyo, Japan), were the three main devices used in this study.
Plant Extraction
A total of 150 g of C. fistula pods, pre-placed for three days at room temperature in a 5 L beaker containing 70% methanol, were extracted. A total of 320 g of H. rhamnoides berries were crushed and successively macerated in a mixture containing 2 L of analytical grade methanol and distilled water (1:1 v/v). The macerated plant material was filtered through muslin cloth for coarse filtration. The coarse filtrate was then filtered through a Whatman N 1 filter paper in order to produce particle-free extracts. The filtrate was evaporated under reduced pressure at 40 • C using a rotary vacuum evaporator, and it was reduced to almost one-fourth of the amount, into a semi-solid mass.
Total Phenolic Content (TPC) Determination
The TPC of the plant extracts was measured according to a previously described procedure [47] . A total of 200 µL of the respective plant extract was oxidized with 1 mL FCR (0.5 N). Following this, the reaction was neutralized with 1 mL of the saturated Na 2 CO 3 (75 g/L). After incubation for 2 h at room temperature, optical absorbance of the resulting blue color was measured using spectrophotometry at 760 nm, against a blank of the reagent. The quantification was recorded based on the standard curve of gallic acid. All experiments were carried out in triplicate, and the results were expressed as milligrams of gallic acid equivalent per gram of plant extract (mg GAE/g).
DPPH Free Radical Scavenging Activity
The free radical scavenging assay was performed following the method of Elmastas et al. [48] . Stock solution of DPPH (33 mg/L) was prepared in methanol, which provided an initial optical absorbance of 0.493 when assessed using spectrophotometry. A total of 5 mL of the DPPH stock solution was added to 1 mL of diluted methanolic extract solution in order to obtain a proper range of concentrations (250-1500 µg/mL). After incubation at room temperature for 30 min, the optical absorbance was measured using spectrophotometry at 517 nm, against the reagent blank value. The IC 50 values of compounds (i.e., concentration at which there is 50% scavenging) were then calculated using EZ-Fit Enzyme kinetics software version 5.03 (Perella Scientific Inc., Amherst, MA, USA). The DPPH scavenging activity was compared to that of natural antioxidants, such as ascorbic acid (i.e., vitamin C). All experiments were carried out in triplicate, and decreased absorbance of reaction mixture was indicative of increased DPPH free radical scavenging activity.
Nitric Oxide Radical [NO • ] Scavenging Assay
[NO • ] scavenging activity was assessed by mixing sodium nitroprusside (5 mM), pre-dissolved in phosphate buffered saline, with various concentrations of methanolic extract (250-1500 µg/mL). After incubation at room temperature for 30 min, 1.5 mL of the diluted solution was collected and diluted with 1.5 mL of Griess reagent, pre-dissolved in 1% sulphanilamide, 2% phosphoric acid and 0.1% N-1-naphthylethylenediamine dihydrochloride. During this reaction, diazotization of nitrite with sulphanilamide and subsequent coupling with N-1-naphthylethylene diaminedihydrochloride, resulted in the formation of active chromophore, the value of which was estimated using spectrophotometry at 546 nm, against the reagent blank value. The IC 50 values of the compounds were then calculated using EZ-Fit Enzyme kinetics software version 5.03 (Perella Scientific Inc.). All experiments were carried out in triplicate, and decreased absorbance of reaction mixture was indicative of increased nitric oxide scavenging activity [40] .
Hydroxyl Ion Radical [OH • ] Scavenging Assay
To perform [OH • ] scavenging activity, various concentrations of the respective methanolic plant extracts (250-1500 µg/mL) were placed in a test tube and evaporated to dryness. 1 mL of iron-EDTA solution (0.13% ferrous ammonium sulfate and 0.26% EDTA), 0.5 mL EDTA (0.018%), DMSO (0.85%, v/v in 0.1 M phosphate buffer, pH 7.4) and 0.5 mL ascorbic acid (0.22%), were then added to each tube. The tubes were subsequently tightly capped and heated in a water bath at 80-90 • C for 15 min. The reaction was terminated by adding 1 mL of ice-cold TCA (17.5% w/v). Finally, 3 mL of Nash reagent (75.0 g ammonium acetate, 3 mL glacial acetic acid and 2 mL acetyl acetone for a total volume of 1 L, mixed with pure water), was added to each tube and left at room temperature for 15 min for color development. The intensity of the resulting yellow color was measured using spectrophotometry at 412 nm, against the reagent blank value. The IC 50 values of the compounds were then calculated using EZ-Fit Enzyme kinetics software version 5.03 (Perella Scientific Inc.). All experiments were carried out in triplicate, and decreased absorbance of reaction mixture was indicative of increased hydroxyl ion scavenging activity [49] .
scavenging assay was carried out by the method described by Elmastas et al. [48] . Reaction mixtures included 1 mL nitroblue tetrazolium (pH = 7.4; 156 mM), 1 mL NADH solution (pH = 7.4; 468 mM), and various concentrations of methanolic plant extracts (250-1500 µg/mL). In order to initiate the reaction, 100 mL of 60 mM phenazine methosulfate (pH 7.4) was added to the mixture and incubated at 25 • C for 5 min. Optical absorbance was measured using spectrophotometry at 560 nm against the reagent blank value, and compared with pre-cited standards. The IC 50 values of the compounds were then calculated using EZ-Fit Enzyme kinetics software (Perella Scientific Inc.).
All experiments were carried out in triplicate, and decreased absorbance of reaction mixture was indicative of increased superoxide anion scavenging activity.
β-Glucuronidase Inhibition Assay
The ß-glucuronidase activity was determined by spectrophotometry using an optical absorbance measurement of p-nitrophenol, formed from the substrate using the method of Collins et al. [50] , modified as follows: the reaction mixture made in a final volume of 100 µL contained 70 µL of 0.1 M acetate buffer pH 5.0 (3.402 g/250 mL of sodium acetate, pH was adjusted with 0.1 M acetic acid), 10 µL of test compound (0.5 mM), 10 µL of Enzyme (24 U) pre-incubated for 10 min, and 10 µL of 0.5 mM p-nitro phenyl-beta-D-glucuronide. The mix reaction was then incubated at 37 • C (38 ± 0.2 • C) for 30 min (30 ± 0.2 min). The reaction was stopped by the addition of 50 µL of 0.2 M Na 2 CO 3 . After the reaction had been stopped, the optical absorbance was measured against the reagent blank value by spectrophotometry at 405 nm, using a Synergy HT BioTek 96-well microplate reader. L-aspartic acid was used as a positive control. The percentage of enzyme inhibition was calculated using the following equation:
where A 0 = Control (total enzyme activity without inhibitor); A 1 = Test (activity in the presence of test compound). All experiments were carried out in triplicate. The IC 50 values of the compounds were calculated using EZ-Fit Enzyme kinetics software version 5.03 (Perella Scientific Inc.).
α-Glucosidase Inhibition Assay
The α-glucosidase inhibition activity was performed according to the slightly modified method of Tiwari et al. [51] . The final volume of the reaction mixture was 100 µL, which contained 70 µL of phosphate buffer saline (50 mM, pH 6.8), 10 µL of test compound (0.5 mM), and 10 µL (0.057 U) enzyme. The content was mixed, pre-incubated at 37 • C for 10 min, and pre-read against the reagent blank value by spectrophotometry at 400 nm. The reaction was initiated using 10 µL of 0.5 mM substrate (i.e., p-nitrophenol glucopyranoside). Acarbose was used as a positive control. After incubation at 37 • C for 30 min, optical absorbance was measured against the reagent blank value by spectrophotometry at 400 nm, using a Synergy HT BioTek 96-well microplate reader. The percentage of enzyme inhibition was calculated using the Equation (1) .
All experiments were carried out in triplicate. The IC 50 values of the compounds were calculated using EZ-Fit Enzyme Kinetics Software version 5.03 (Perrella Scientific Inc.).
α-Tyrosinase Inhibition Assay
The α-tyrosinase inhibition tests were carried out in a 96-well plate following the method described by [52] . The reaction mixture made in a final volume of 100 µL, contained 40 µL of phosphate buffer (100 mM, pH 6.8), 20 µL mushroom tyrosinase enzyme (6 U), and 10 µL test compound (0.5 mM). The content was pre-incubated at 37 • C for 5 min. 30 µL of L-dopamine (10 mM) was then added as a substrate. The final mixture was incubated at 37 • C for 10 min. Kojic acid was used as a positive control. Optical absorbance was read against the reagent blank value by spectrophotometry at 490 nm, using a Synergy HT BioTek 96-well microplate reader. The percentage of enzyme inhibition was calculated using the Equation (1) .
All experiments were carried out in triplicate. The IC 50 values of the compounds were calculated using EZ-Fit Enzyme Kinetics Software version 5.03 (Perrella Scientifich, Inc.).
Statistical Analysis
All of the analyses were performed in triplicate, in order to minimize the incidence of errors. The amount of extract needed to inhibit the concentration of free radicals by 50% (i.e., IC 50 ), was graphically determined by a linear regression method using MS-Windows based graph pad instat software version 3 (GraphPad Software, Inc., San Diego, CA, USA).
Results and Discussion
Extracts from C. fistula and H. rhamnoides are gaining much attention in medicine and esthetics, because of their relative high content of antioxidants (e.g., vitamin C, polyphenols such as flavonoids and saponins, unsaturated fatty acids (UFAs)), known to counteract naturally-occurring or induced molecular and cellular damage-mediated oxidation [5, 34, [36] [37] [38] [39] [40] [41] 47, 53] .
Recent investigations led by our research groups have proven that great skin benefits (e.g., slower skin aging; anti-melasma) can be produced when C. fistula and H. rhamnoides extracts are topically applied [5, 37, 39] .
The phyto-antioxidant arsenal is composed of several chemicals (i.e., free radical scavenging) and enzymatic reactions. Therefore, the specificity and sensitivity of a single method is insufficient for providing an inclusive examination of all phenolic compounds in a given plant extract. A combination of reliable tests is necessary in order to evaluate a complete antioxidant and enzymatic activity profile (i.e., free radical scavenging and key enzymatic inhibition capacities).
Following this original approach, our data provided a better qualitative and quantitative understanding of the anti-oxidant and enzymatic inhibition abilities of C. fistula and H. rhamnoides, two traditional plant extracts, valuable in modern medicine.
Therefore, the high concentration of total phenolic content (TPC) encountered in H. rhamnoides (51.23 ± 1.38 mg GAE/g) and C. fistula (64.39 ± 1.21 mg GAE/g) extracts (Figure 1) , indicate an important anti-oxidant role of the two extracts [4] . Moreover, comparative TPC analysis of the two phyto-extracts showed insignificant variations (p > 0.05) (Figure 1) . Interestingly, similar data have been reported by Korekar et al. [53] , who demonstrated that the TPC in methanolic fruit extracts of H. rhamnoides is about 4056 ± 70.1 mg GAE/100 g (i.e., 40.56 mg GAE/g). 
Therefore, the high concentration of total phenolic content (TPC) encountered in H. rhamnoides (51.23 ± 1.38 mg GAE/g) and C. fistula (64.39 ± 1.21 mg GAE/g) extracts (Figure 1) , indicate an important anti-oxidant role of the two extracts [4] . Moreover, comparative TPC analysis of the two phyto-extracts showed insignificant variations (p > 0.05) (Figure 1) . Interestingly, similar data have been reported by Korekar et al. [53] , who demonstrated that the TPC in methanolic fruit extracts of H. rhamnoides is about 4056 ± 70.1 mg GAE/100 g (i.e., 40.56 mg GAE/g). In a further step, we evaluated the quenching activities of the free radicals belong to H. rhamnoides and C. fistula. The resulting findings, expressed as IC50 (µg/mL), and presented in Table However, these extract data were significantly (albeit expectedly) lower (p < 0.05) than the results produced when pure ascorbic acid was used as a standard (i.e., an external positive control). In sum, we state that similar TPC obtained from plants of different families does not necessarily result in Figure 1 . Total phenolic content (mg GAE/g) in Hippophae rhamnoides' fruit and Cassia fistula's pod extracts. Data are expressed as means ± standard deviations (SD) based n = 3 independent experiments; Values were not significantly different (p > 0.05). TPC stands for total phenolic content; GAE denotes gallic acid equivalents.
In a further step, we evaluated the quenching activities of the free radicals belong to H. rhamnoides and C. fistula. The resulting findings, expressed as IC 50 (µg/mL), and presented in Data are expressed as means ± standard deviations (SD) on the basis of n = 3 independent experiments; Values marked by the same letter mean that they were not significantly different (p > 0.05) when the value of a radical scavenging effect in a given plant extract was compared to the radical scavenging effect exerted by another plant extract or the compound used as control. Conversely, values marked by a different letter mean that the given radical scavenging effect was significantly different (p < 0.05) when the statistical analysis was performed between the extracts. IC 50 denotes inhibitory concentration 50. Ascorbic acid was used a positive control (standard).
Additionally, we decided to determine the enzymatic activities of the two extracts based on their ability to inhibit three major enzymes with great potential for the cosmetic industry (i.e., β-glucuronidase, α-glucosidase, and α-tyrosinase) [14, 15, 21, 22, 32] . Although it was initially thought that β-glucuronidase inhibition activity was absent in plants, later studies showed that it can be found in a number of plant families [54] . As shown in Table 2 , our experimental analyses confirmed the presence of such enzymatic activity in both H. rhamnoides and C. fistula extracts, when compared to that of L-aspartic acid, used as external control. 50 , are expressed as means ± standard deviations (SD) on the basis of n = 3 independent experiments; Values marked by the same letter mean that they were not significantly different (p > 0.05) when the value of a given enzymatic activity in a given plant extract was compared to the enzymatic activity exerted by another plant extract or the compound used as control. Conversely, values marked by a different letter mean that the given enzymatic activity was significantly different (p < 0.05) when the statistical analysis was performed between the extracts. IC 50 denotes inhibitory concentration 50.
Comparatively, C. fistula extracts significantly contained more potent (i.e., about two-fold, p < 0.05) anti-β-glucuronidase inhibition activity (IC 50 = 33.80 ± 0.2 µg/mL) than H. rhamnoides extracts (IC 50 = 61.21 ± 0.5 µg/mL) ( Table 2) . Furthermore, the anti-β-glucuronidase activity exerted by C. fistula extracts was not significantly different to that of pure L-asp acid ( Table 2 ), indicating that the isolation and purification of the main bioactive compound contained in C. fistula pods could be promising as an adjuvant therapeutic for protecting against skin conditions such as psoriaris [14] , or as a bioactive ingredient in cosmetic formulations (e.g., to prevent body malodor arising from sweat) [15] . Besides, although the anti-α-glucosidase activity, expressed as % inhibition at the extract dose of 0.05 mg, was significantly higher (i.e., about four-fold, p < 0.05) in C. fistula extracts (10.52% ± 0.53%), when compared to that of H. rhamnoides extracts (41.90% ± 0.25%) (Table 2) , the related IC 50 values were not significantly different (p > 0.05) (i.e., 55.31 ± 0.31 µg/mL and 51.09 ± 0.14 µg/mL for C. fistula and H. rhamnoides extracts, respectively) ( Table 2) . Also, these IC 50 values are significantly higher (p < 0.05) than those produced when pure acarbose is used as an external control ( Table 2 ), indicating that both extracts might be exploitable at a dose superior to 0.05 mg for the management of certain health conditions (e.g., T2D) [19] , as well as in cosmetic formulations (e.g., to prevent precocious skin aging or skin damage) [21, 22] . Eventually, the α-tyrosinase inhibition activity of both extracts demonstrated similar results (p > 0.05), but could potentially be high enough to prevent skin hyperpigmentation and induce skin whitening [32] , either alone or in combination (i.e., IC 50 = 39.2 ± 0.12 µg/mL and 45.9 ± 0.20 µg/mL for C. fistula and H. rhamnoides extracts, respectively) ( Table 2 ). This effect was also stable at the dose of 0.05 mg, for which the percentage of inhibition has been measured ( Table 2) . Nevertheless, the corresponding IC 50 results of both extracts are significantly (p < 0.05), but expectedly, too low compared to when pure Kojic acid is used as an external control. These results corroborate those published by Cho et al. [55] , who performed a mass screening on a number of tropical plant species eliciting a tyrosinase inhibition activity above 50%. Nowadays, there are a number of reports exploring the tyrosinase inhibition activity effects of fatty acids (FAs). Thereby, it has been shown that topical application of linolenic, linoleic and oleic acids elicit a bleaching effect on guinea pig skin stimulated with UV light [56] . Therefore, the relatively high α-tyrosinase inhibition activity of exerted either by H. rhamnoides or C. fistula extracts, may be due to their relative content of unsaturated fatty acids (UFAs).
In sum, we postulate that similar TPC in plant extracts can not discriminate against key specific antioxidant potential and/or enzymatic activities.
Conclusions and Perspectives
Based on our various in vitro assays, which aimed to assess the antioxidant and key enzymatic activities of two major plant extracts used in traditional medicine, our results clearly confirmed that both H. rhamnoides and C. fistula extracts present potent antioxidant activities. More importantly, it was recorded that C. fistula's pod extracts exert the best antioxidant and enzymatic activities, when compared to those of H. rhamnoides' fruit extracts, which are known to contain a very high content of vitamin C (i.e., about 30 times more than orange fruit). Indeed, C. fistula's pods represent the richest polyphenolic part of the plant and exert valuable enzymatic activities for cosmetic use. Overall, our data strongly state that TPC in a given plant extract shall be attributed to particular free radical scavenging or enzymatic activities, exploitable for cosmetics, medical, or food applications. This implicates the use of multiple antioxidant and enzymatic assays in order to select the most valuable plant extract or phyto-ingredient. Ongoing studies from our lab aim to explore C. fistula's pod extracts in cells, animal models, and in humans of any age, including those suffering of chronic inflammatory-state diseases or premature skin aging. We also intend to characterize the safety and efficacy, both in vitro and in vivo, of nanoencapsulated C. fistula extracts.
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